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test of a motor on an electric dynamometer it is best 
to so adjust the armature resistance that the dyna
mometer will absorb the power at the lowest motor 
speed. At the other speeds the load can be adjusted by 
manipulating the field rheostat. 

Another advantage of the electric cradle type of dyna
mometer is that it can be used to run the engine and 
thus the friction losses of the motor under test can be 
determined. 

The high speed dynamometer in the testing labora
tory of The Automobile Club of America is capable of 
handling somewhat over 100 horse-power continuously 
from 1,500 r. p. m. to its speed limit, which is above 
3,000 r. p. m. A heavier duty machine in the same 
Laboratory has a continuous capacity of approximately 
120 horse-power at as Iow a speed as 1,000 r. p. m. Its 
maximum speed is 2,000 r. p. m. This testing equip
ment is especially arranged to accommodate aviation 
motors, inasmuch as the bed-plate upon which the motor 
Is erected is enclosed in a sheet metal house and a cur
rent of air of approximately 40 to 50 miles per hour is 
blown past the motor under test. This imposes upon 
the motor practically operating conditions. For higher 
powered motors than 120 horse-power, both the dyna
mometers are coupled together. The continuous ca
pacity is th'en about 200 horse-power 

3. Fuel Consumption-The fuel consumption can best 
be determined by placing the tank which contains the 
fuel supply for the motor upon a scale and noticing the 
decrease in weight. In tests of very short duration in 
which very small quantities of fuel are consumed, it is 
preferable to determine the consumption volumetrically, 
that is, to measure hi a pipette the quantity of fuel 
consumed. 

4. Frictional Losses-It is not possible to obtain a 
reliable indicator diagram from automobile motors, 
chiefly due to the fact that there is no instrument made 
that will operate successfully at the high speed that 
motors are operated at. There are on the market sev
eral optical indicators which are designed to draw indi
cator diagrams at these high speeds, but as yet they 
have not been absoluteLy successful. For this reason it 
Ls not possible to determine the frictional losses by 
comparing the indicated horse-power with the brake 
horse-power. As noted above, however, with the electric 
cradle dynamometer it is perfectly possible to determine 
the friction losses at the different speeds. If it is de
sired to obtain the indicated horse-power for use in 
expressing the thermal efficiency, this friction horse
power at a given speed can be added to the brake horse
power developed at that same speed. It is quite true 
that the friction determined when the engine is not 
operating under its own power may be slightly differ
ent from the friction when the engine is operating under 
Lts own power. Nevertheless, the error introduced is 
less than would be introduced if an indicator diagram 
were to be used for this purpose. 

5. Ignition-The spark advance, that is, the number 
of degrees of crank-shaft travel that the spark takes 
place in the cylinder before the piston arrives at top 
center, is of great importance. The apparatus in use 
for determining this in the testing laboratory of The 
Automobile Club of America consists of a pointer rota
ting in front of a protractor which is insulated from it. 
The gap between the pointer and protractor is connected 
in series with the high tension side of the ignition sys
tem, and when the spark occurs in the cylinder it will 
also jump the gap mentioned and the number of the 
degrees can be read on the protractor at which this 
takes place. Needless to say, the pointer is revolved at 
the same speed as the crank shaft of the engine and is 
set on zero when one of the pistons is on top-center. 

6. Carburetion-It is of great importance to learn 
what the ratio is of the air supplied to the motor to the 
gasoline used. The method used in determining the 
quantity of gasoline consumed has already been de
scribed. It is now necessary to measure the air con· 
sumed. There are various ways of doing this, the most 
accurate of which, of course, would be to use a gas
ometer. It would, however, be very expensive to install 
a gasometer of such capacity to run a motor for any 
length of time and we must therefore look for more 
practical means to make this measurement. The best 
method for this purpose, in the writer's estimation, is 
to make use of a Venturi meter which has been cali
brated by means of a gasometer, although it would be 
quite possible to use a standard orifice. Another inves
tigation that is of importance is the amount of vapori
zation that takes place before the mixture- enters the 
cylinders. Some idea of this can be obtained by com
paring the temperature of the ingoing air with the tem
perature of the mixture in the manifold. 

7. Combustion-It is as necessary to study the com· 
bustion which occurs in the cylinders of an automobile 
engine as it ts to study the combustion under a steam 
boiler in making a boiler test. The only way of accom-

plishing this is to make an analysis of the exhaust 
gases. It is desirable that the CO content of these 
gases be kept at quite a low figure, although, strange to 
say, the maximum power is not obtained when there is 
no carbon monoxide present, but when there is approxi
mately 4 per cent. Maximum economy, of course, does 
not occur at this same point. Jj'rom the percentage of 
CO present the heat lost, due to incomplete combustion, 
can be determined. 

8. Compression-The amount of compression in the 
cylinders is dependent upon several things. E'irst, the 
size of the valves; second, the valve timing; third, 
leakage around the piston rings. The method which the 
writer has found to be most satisfactory for measuring 
this pressure is to use a steam gauge connected to an 
expansion chamber, which is. in turn connected to the 
engine cylinder by means of a check valve. There is 
another instrument on the market, the O'Kill indicator, 
which gives fairly good results. This instrument, how
ever, is quite difficult to calibrate. 

9. Volumetric Efficiency-The volumetric efficiency is 
the ratio of the air taken into the motor in a given 
time to the effective piston displacement during the 
same time upder existing atmospheric conditions. The 
air weasurement to determine the mixture ratio de
scribed above can, of course, be used for this calculation. 

10. Heat Given to the Cooling Water-To determine 
this loss it is necessary to measure the difference be
tween the ingoing and outgoing cooling water and the 
quantity of water circulated per unit of time. The 
temperatures, of course, are easily measured with mer
curial thermometers, while the quantity of cooling water 
circulated can either be weighed on a scale or measured 
with a calibrated meter. In the testing laboratory of 
The Automobile Club of America a calibrated Venturi 
meter is used for this purpose. 

11. Heat Lost in the Exhaust-The heat lost in the 
exhaust can best be determined by cooling the exhaust 
to room temperature by means of water in a calori
meter and measuring the increase in the temperature 
of the water and the quantity of water used. The 
calorimeter in use in the testing laboratory of The 
Automobile Club of America for this purpose consists 
of a steel barrel enclosed in a wooden box. The space 
between the barrel and the box is filled with wood shav
ings which makes a very good inSUlator. 'l'he piping 
from the exhaust manifold to the calorimeter is insu
lated, as well as the exhaust manifold. The cooling 
water is injected into the exhaust pipe and follows the 
exhaust into the calorimeter. The exhaust gas can escape 
by bubbling through the water. The temperature of the 
exhaust gases as they leave the calorimeter is the same 
as the temperature of the air entering the carlmretpr. 

]2. Other llleasurements that are at times necessary 
are the temperature of the oil in the crank case, which 
can be determined by drilling thermometer wells into 
the crank case and reading the temperature on mercu
rial thermometers; the temperature of the exhaust, 
which can be determined by pyrometers; the tempera
ture of cylinder walls, etc. 

The design and construction of apparatus necessary 
to make determinations and measurements on tests, is 
one of the important duties of the testing engineer. 
Nevertheless, he must not lose track of the fact that 
this is merely a means toward an end and the com
plicating and increasing expense of apparatus is never 
justified unless it will help and make more valuable the 
data or the results obtained. Too often apparatus 
builders and engineers in charge of laboratories unneces
sarily increase the expense and complications of 
apparatus. Automatic apparatus may be desirable for 
factory tests where the class of labor employed for 
making the tests is below that in the scientific labora
tory. The best method to follow is to use absolutely 
the simplest apparatus which will meet the various 
requirements. 

Cumin-A Crop Valuable for the Small 

Diversified Farm 
THE tendency of the American farmer to CUltivate 

only such crops for which there is the readiest sale in 
this or other countries, is not one of the least evils. 
The consequence of this exclusive attention to one or 
two objects of cultivation with an almost total neglect 
of many articles in every day demand for home use, 
renders us dependent upon other countries and more 
especially upon Europe and the Far East. Among the 
farm products the want of an internal production of 
which has been felt espeCially since our source of sup
plies in Europe has partly been cut off, are cumin. car
away, fennel, anise, mustards, and many other impor
tant food and drug plants. Of these cumin is in great. 
est demand in this country. Practically all of the 
cumin used in the United States is being imported from 
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the .i\Ieliiterrauean regioll, the anuual importation in
creasing from less than IGO,OOO pounds in 1900 to over 
530,000 pounds in 1914 and about 700,000 pounds in 1915. 
Since there is no domestic production, the- price of 
cumin has constantly advanced from 4 cents to about 
18 cents per pound. Its use is becoming more general 
and it is believed that the price, even with strict Euro
pean competition, will never decrease to the figures that 
prevailed before the war. 

Heretofore the growing of such crops as cumin, fen
nel, anise, etc.,-very different from the growing of 
wheat and oats,-could not be carried on profitably ill 
the United States on account of the low price and high 
cost of labor. Cumin does not offer an exceptional op
portunity to a great many farmers, because all the 
cumin used in this country annually can be grown 
on less than 1,000 acres of good land. It is a good 
crop, however, for a number of small farmers in the 
South to grow on odd corners of their farms and 
thereby encourage thrift, diversify crops and increase 
their profits. This would require almost no reduction 
in the acreage of the staple crops, but would tend to 
establish an industry sufficient to render us imlependl'llt 
of European producers. 

Cumin is but little known in most parts of the Uni
ted States. In general appearance and manner of 
growth it resembles closely allied plants, such as fen
nel, anise, caraway, etc. It is a member of the large 
group of umbelliferous plants, which among the many 
natural families of plants contribute so largely to the 
wants and necessities of man. Botanists distinguish 
the plant by the name of Cuminum cymimtm; klllllinon 
is the ancient classical Greek name. The plant is slen
der, erect or partly procumbent, branched and grows 
about 12 inches in height; the leaves are numerous, 
narrow, pointed and grasslike; the flowers are purple 
and produce in numerous umbels small egg-shaped or ob
long-striated fruits which are double and rarely over 
one fourth of an inch in length and less than one Ila If 
as wide. These fruits, which are known in the trade 
as cumin seeds, constitute a valuable crop in many 
parts of southern Europe and northern Africa; large 
quantities are grown also in India, but Malta, Sicily 
and Morocco afford the chief' supply. Cumin was cul
tivated in England as early as 1594, but its productioll 
has never been great. In fact, the production of cumin 
in Europe has been decreasing for some time, and at tilt' 
present the supply in some countries is entirely cut off. 
It will probably be several years before the yield is as 

great as it was before the war. It appears, therefore, 
that the present offers an opportunity to establish the 
industry in the United States. 

Cumin may be recommended to the farmers in the 
Southern States, particularly along the Gulf Coast and 
on the Pacific Coast. This plant will succeed, it is 
said, wherever the fig tree will grow well. E'or the 
best results with cumin, a growing period with no ex
tremes of temperature is essential. The plant is not 
adapted to regions in which there are late, heavy 
frosts. In the United States it is believed. that it will 
do best in the South Atlantic and Gulf States where 
the climate and the distribution of the rainfall ar(� 
most suitable for this crop. The soil mast be good. 
An undrained soil where water stands at any time dur
ing the year is not suitable. A rich sandy loam is con
sidered the best for cumin. 

The fruits of the cumin plant have a bitterish, warm 
taste with an aromatic flavor which to many is not 
agreeable. They yield a great part of the odor by in
fusion in water, but very little of the taste. In dis
tilling them with water a pungent oil arises, which has 
a strong odor similar to that of the fruits. When the 
decoction is inspissated a peculiar rough and bitter ex
tract is left. Alcohol dissolves all the volatile oil in 
cumin leaving the fruits uninjured, out odorless upon 
drying. The fruits contain about 2 per cent of volatile 
oil. This oil was and still is believed to possess car
minative and stimulative properties. While cumin is 
an official drug in the United States only a very small 
part of the material imported into this country is used 
medicinally. It is employed more extensively as a con
diment for flavoring foods. It is said to be used for 
seasoning certain grades of wholewheat bread; in con
nection with coriander it is employed in flavoring sau
sages and Dutch cheese. Large quantities are shipped 
to the Southwest for use in the Mexican dish known as 
hot tamale. It also forms one of the ingredients of 
curry. Many thousands of pounds of cumin are con
sumed annually in the preparation of condition pow
ders for horses and cattle. 

Since the use of cumin in this country is· becoming 
more general, it seems aavisable for farmers to under
rake the cultivation of this valuable crop. The plant 
reqmres a warm, moist climate, and the South contain;.; 
every element favorable to the success of this enter
prise. 
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Tools used for recovering drills. 

Tlle Salt Wells 

()f China 

Original Pietures Showing How 

t he Salt Brine Is Raised from 

the \Vell. Transported ann 

Eyaporated to Obtaill 

Solid Crystals 

View in salt well district in Szechuen. 

Emptying the long bamboo bailer bucket. 

Derrick and windin&" drum at a well. 
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PROPER 

Chart of China, showing salt well district. 

Coolies carrying brine to an elevated tank. 

Pumping brine from a tank boat. 

A flight of dra;on bone lifts. 
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A dragon bone lift worked by two coolies. Tank boats loading with brine. 

Inspecting and weighing salt cakes. Surplus relief burners at a gas well. 

Surge tanks on pipe lines. Pans in which the brine is evaporat.ed. 
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